. These adhesives are used in moist media and often on contaminated surfaces without compromising their adhesion, but different compounds can be released during the aqueous phase 11 , such as non-polymerized free monomers from resin materials 5 . Some authors have demonstrated that these free monomers caused apoptosis in cell culture 16, 26 . In vivo studies 17, 19 show that non-polymerized resin compounds released from dental adhesives cause D SXOS LQÀDPPDWRU\ UHVSRQVH ZKLFK LV YLVLEOH DQG chronic 8 . Recent studies 4, 5 have shown presence of macrophages together with resin compounds Biocompatibility of orthodontic adhesives in rat subcutaneous tissue , in which a SHUVLVWHQW DQG FKURQLF LQÀDPPDWRU\ UHVSRQVH ZDV observed over a period of 300 days. In general, the adhesives used in orthodontics are chosen based on the research on mechanical assays and effectiveness in sealing the interface between tooth and orthodontic accessory. However, many research studies on the biocompatibility of dental materials are currently being performed 5, 7, 8, 15, 20 . 7DNHQ WRJHWKHU DOO WKHVH ¿QGLQJV DUH LQ DFFRUGDQFH with the idea that the close proximity of orthodontic accessories to gingival and oral tissues makes this issue very important when choosing these adhesives. Therefore, the aim of the present work was test the hypothesis that there is no difference in biocompatibility between the adhesives used for attaching orthodontic accessories.
MATERIAL AND METHODS
This study used 30 male adult Wistar rats ZHLJKLQJ J ZKLFK ZHUH GLYLGHG LQWR ¿YH groups of 6 animals each: Group 1 (control, distilled water), Group 2 (Concise, 3M Unitek Orthodontic Products, Monrovia, CA, USA), Group 3 (Xeno III, Dentsply/DeTrey, Konstanz, Baden-Württemberg, Germany), Group 4 (Transbond XT, 3M Unitek Orthodontic Products) and Group 5 (Transbond Self-Etching Primer, 3M Unitek Orthodontic Products) (Figure 1 ). The rats were anesthetized with intraperitoneal injection of sodium thiopental (50 mg/kg) (THIO, Cristália, Itapira, SP, Brazil), and the dorsal region (4x4 cm) of each animal was shaved. Asepsis of the operatory area was done with 4% chlorhexidine digluconate (School of Pharmacy, Federal University of Rio de Janeiro, Rio de Janeiro, RJ, Brazil). Two midline incisions of approximately 8 mm in length were made equidistantly from the tail base to the head of the animal with a #5 scalpel blade mounted onto a scalpel handle. The subcutaneous tissue was laterally separated using a pair of blunt-ended scissors, resulting in two approximately 18-mm-deep surgical loci each. All animals received two PVA sponge implants (4.0 mm long x 2.0 mm diameter). The implants were previously kept in 70% alcohol for 120 min, rinsed with sterile distilled water, autoclaved and then soaked with 2 drops of the respective adhesives. The adhesives in the sponges were photoactivated with a LED source unit (Radii, SDI, Baywater, Victoria, Australia) according to the application time recommended by the manufacturer. The light intensity of the curing unit (1000 mW/cm2) was checked immediately before each polymerization using a radiometer (Model 100, Demetron Research Corporation, Danbury, CT, USA). The surgical loci were sutured with 4.0 suture (Ethicon, Johnson & Johnson, São José dos Campos, São Paulo, Brazil) and then the animals received an injection of sodium dipyrone (0.3 mL/100 g Novalgina®; 6DQR¿$YHQWLV )DUPDFrXWLFD /7'$ 6X]DQR 63 Brazil).
The rats were kept in cages and fed balanced food and water. After 7, 15, and 30 days, the animals were anesthetized and submitted to excisional biopsy at the implantation area so that enough surrounding normal tissue could be collected. Each group consisted of 6 rats with two implants, thus resulting in 12 samples per group ( 17, 19 . The biocompatibility of the materials was determined according to the ISO 10993-313 standard. 
RESULTS
0RQR DQG SRO\PRUSKRQXFOHDU LQÀDPPDWRU\ LQ¿OWUDWHV ZHUH REVHUYHG WRJHWKHU ZLWK EORRG vessels and circulatory changes (dilatation and edema) around and within the cavity as a result of the material implantation in all four groups of adhesive systems ( Figure 2AB which indicates the beginning of a repair process (Table 2) .
At the end of the 15-day period, it was observed D GHFUHDVH LQ WKH LQÀDPPDWRU\ UHVSRQVH LQWHQVLW\ for all adhesive systems compared to that at day 7, except for Transbond XT ( Figure 3A-B) , which showed presence of neutrophils and abscess formation at the region where the material was implanted, thus indicating a very toxic effect on the tissue. Presence of granuloma and multinuclear giant cells were observed in Groups 3 (Xeno III) and 5 (Transbond SEP) as well as in the Control Group ( Figure 3A -B) ( Table 2) .
After 30 days, the Control Group and all four H[SHULPHQWDO JURXSV VKRZHG FKURQLF LQÀDPPDWRU\ process characterized by discrete mononuclear LQ¿OWUDWH GLVFUHWH YDVFXODU DOWHUDWLRQV DQG formation of granuloma with multinuclear giant FHOOV DQG ¿EURXV WLVVXH IRUPDWLRQ DURXQG WKH samples (Figure 4) . Presence of granulation tissue around the sponges and cell proliferation with GHSRVLWLRQ RI FROODJHQ ¿EHUV FRUUHVSRQG WR WKH UHSDLU SURFHVV DQG ¿EURVLV UHVSHFWLYHO\ 7KHUHIRUH all adhesives were shown to be biocompatible on long-term basis (Table 2) .
DISCUSSION
7KH TXDOLW\ DQG VSHFL¿FLW\ RI WKH GDWD JHQHUDWHG by in vivo models is questioned and criticized in literature 30 , depends of use of a biological system that reproduces as close as possible the metabolic behavior of the target organ for the toxic effect of xenobiotics and of choice of appropriate parameters to evaluate toxic effects. Evaluating the biocompatibility of orthodontic adhesives by means of subcutaneous implants in rats is of great value as the tissue response in rats is similar to that expected when the same material is applied to . However, methodological divergence exists. In the present study, polyvinyl sponges saturated with the respective adhesives were inserted into rats subcutaneous tissue and then light cured 17 in an attempt to simulate actual clinical procedures.
Costa, et al. 6 (1999) have used polyvinyl sponges saturated with adhesives that had not been photoactivated after surgical implantation, allowing the adhesive and their monomers to be in close contact with the subcutaneous connective tissue. Therefore, not only a cytotoxic effect of the dental adhesive was observed but also a persistent LQÀDPPDWRU\ UHDFWLRQ UHVXOWLQJ IURP WKH UHVLQ compounds. According to the authors, these materials do not seem to be suitable for direct application to connective tissue.
Studies 15, 21, 29 have demonstrated the cytotoxicity of the compounds of adhesive systems, which can be explained by the different compositions, mechanisms, and application procedures as well as by methodological variations 1 . However, it is clear that the choice for a given adhesive system should be based on its biocompatibility.
The most often studied method for in vivo DQDO\VLV RI ELRFRPSDWLELOLW\ UHOLHV RQ LQÀDPPDWLRQ 17 .
$QDO\]LQJ DQG UDWLQJ WKH LQÀDPPDWLRQ SKHQRPHQD in different experimental groups makes it possible to establish the best biocompatibility by placing the material in contact with vascularized tissues and observing the different reactions. It is also important to use an innocuous substance in the control group in order to facilitate data interpretation 17 . 7KH LQÀDPPDWRU\ UHVSRQVH EHJLQV ZLWK D more intense reaction to both surgical procedures and implanted foreign body, and because such a UHDFWLRQ LV QRW VSHFL¿F WKH ¿UVW SRVWVXUJLFDO KRXUV are not taken into account. After 7 days, a more RUJDQL]HG LQÀDPPDWRU\ UHDFWLRQ ZDV H[SHFWHG GXH to the adhesive rather than the surgical procedure.
7KH GHFUHDVH LQ WKH LQÀDPPDWRU\ LQWHQVLW\ relies on the control of the host defense system, which organizes itself to limit the aggressive action from the compounds existing in the adhesives DQG WR ORFDOL]H WKH LQÀDPPDWRU\ UHDFWLRQ ,W ZDV SRVVLEOH WR GLIIHUHQWLDWH WKH LQÀDPPDWLRQ intensity between the experimental groups, mainly regarding the higher level of cytotoxic from Xeno III and Transbond XT after 7 days.
Methacrylate monomers such as TEGDMA, Bis-GMA, UDMA, and HEMA, which are largely used in the composition of dentinal adhesives, can cause cell lesion 10, 12 . TEGDMA, Bis-GMA, UDMA are hydrophobic monomers that are often associated with HEMA. Diffusion of these monomers can be facilitated because HEMA increases the hydrophilic characteristic of the material. Under such conditions, the hydrophobic monomers can reach the cells and damage them 10, 12, 23 . With respect to Xeno III, the presence of HEMA in association with ethanol seems to cause more cell damage. The ethanol in relation with the oral mucosa showed increased mucosal permeability 13, 24 and penetration of potential carcinogens across the mucosal permeability barrier 13 . It has been reported that topical application of ethanol on the oral mucosa affects epithelial cell homeostasis 2 and alters mucosal structure 18 . In the present study, a mild reaction was observed in the control group whose sponges were saturated with distilled water, whereas a moderate to severe reaction was found in all experimental groups. After 15 and 30 days, the LQÀDPPDWRU\ UHDFWLRQ ZDV YLVLEOH WKXV DOORZLQJ the biocompatibility of the materials to be rated in ascending order. In general, small necrotic areas with edema surrounded by cell proliferation, FRQVHTXHQW GHSRVLWLRQ RI FROODJHQ ¿EHUV FKURQLF LQÀDPPDWLRQ DQG GHFUHDVHG QXPEHU RI blood vessels were observed. The presence of multinuclear giant cells suggests the formation of granulomas due to the presence of sponge and/ or adhesive material. Therefore, these events are described as a favorable tissue response regarding the biocompatibility of the material.
At the end of the 30-day period, it was possible to observe that all adhesive systems showed good biocompatibility, although Transbond XT was found to be more aggressive compared to other groups as formation of abscess occurred at the implant UHJLRQ %DVHG RQ WKLV ¿QGLQJ RQH FDQ FRQFOXGH WKDW Transbond XT is the least biocompatible adhesive.
According to in the literature, HEMA is an important toxic component released by most adhesive systems since several in vitro studies have GHPRQVWUDWHG D GH¿QHG F\WRWR[LFLW\ RI +(0$ WR WKH culture of cells 3, 25 . Methacrylate monomers, such as HEMA, are incorporated in the lipid bilayers of cell membranes which are solubilized by the unreacted monomers 10 . This mechanism of action of uncured leached monomers on the cell membrane may be regarded as responsible for the high cytotoxicity of Transbond (Transbond XT, 3M Unitek) observed in the present investigation.
Traditionally, persulfate molecules have been used as initiators in redox water-based polymerization systems to decrease the amount of residual monomers after setting 14 . The high cytotoxicity of adhesive systems is probably caused by leachable resin components, such as TEGDMA, Bis-GMA and HEMA, which has frequently been added to their chemical composition 9 . However, it may be speculated that some minor adhesive components released into the connective tissue, such as HEMA, which presents low molecular weight, might be removed by local lymphatic drainage. This hypothesis should explain ZK\ WKH LQÀDPPDWRU\ UHDFWLRQ GHFUHDVHG ZLWK time and the connective tissue healing occurred for Sohoel, et al. 22 (1994), after testing adhesives in pigs, have suggested that orthodontic adhesives can be potentially allergenic for human being, particularly the "no-mix" ones, and lead to adverse reactions in both patients and practitioners. Such cytotoxicity can last two years after polymerisation 27 . Thompson, et al.
28 (1982) have concluded that even adequately mixed and set, the orthodontic adhesives showed great amounts of material that not had been cured (up to 14% of the material), thus resulting in potential toxicity. Therefore, in addition to adequately preparing and applying these products, the clinician should be careful not to expose skin, mucosa, and gingival to these materials for long periods of time, particularly the subgingival and interproximal areas.
CONCLUSIONS
,W LV SRVVLEOH DQG VDIHU WR HYDOXDWH LQÀDPPDWRU\ and healing phenomena to characterize, and rate the experimental groups by comparing them to a control group. This allows us to state that Xeno III, Transbond SEP, and Concise adhesives had the best biocompatibility, since formation of chronic LQÀDPPDWLRQ ZLWK SHULSKHUDO KHDOLQJ SKHQRPHQD and multinuclear giant cells around the samples were observed. However, one cannot interpret the VSHFL¿FLW\ RI WKH GDWD JHQHUDWHG in vivo animal models as a human response. The hypothesis was rejected and one can state that, among the adhesives studied, Transbond XT was found to have the worst biocompatibility.
